Several characteristic
phenomena of excitability were found in the cardiac muscle during the relative refractory period when the excitability was studied by electrical stimulations with surface electrodes.According to BROOKS and his associates1,2,15)and subsequently by HOFFMAN et al.7, 8) , CRANEFIELD et al.3) ,and VAN Dum et al.20) the characteristic aspects of the excitability of cardiac muscles during the relative refractory period may be stated as follows: (1) formation of a distinct'dip'in the strength-interval curve,(2)presence of a definite supernormality in anodal excitability,and preferencial occurrence of excitation at the anode,and (3) The action potential of the single terminal Purkinje fiber evoked by cathodal stimulation during the relative refractory phase is characterized by its diminished overshoot,slow depolarization velocity and shortening of its duration. These do not seem to differ significantly from those of the ordinary ventricular muscle or of other parts of the heart.It has been pointed out that the graded response can be seen at the junctional region of the Purkinje fiber and papillary muscle in the dog heart during the early phase of relative refractoriness7,8). However,in this experiment,the occurrence of such distinct graded responses were not confirmed,the changes in action potential being rather slight (FIG.1) . On the other hand,responses to the anodal stimuli were quite characteristic as stated above,namely,an isolated narrow spike during phase 2 and 3,and the spike followed by a slow potential at the middle portion of phase 3.For the purpose of clarifying nature of these potentials the following observations were made. 5(B) shows the effect of the duration of anodal pulse.In this experiment three kinds of duration of stimulus were tested,the time of break being fixed at the same phase of the action potential.The results indicated the longer the pulse the stronger the effect. ,6,10,14,19) .This is also true in the terminal Purkinje fiber.As shown above,intact terminal Purkinje fibers do not respond to intracellular anodal stimulation of any strength during the diastolic phase,whereas genuine postanodal excitation with conduction could easily be evoked in certain samples of depolarized fibers (FIG.7,A) propagating action potential was found to be confined only at a limited period of phase 3,so that the anodal strength-interval curve obtained by intracellular stimulation had a shape of inverted spike located slightly earlier than the upstroke of the cathodal curve (FIG.2) .
The reason for the difference above,may be that the true excitability curve as revealed by the intracellular stimulation is modified by some factors when examined by the extracellular stimulation.One of these factors is that there might be some local injury and/or partial depolarization in the fibers in contact with a surface stimulating electrode,for the cardiac muscle fibers are fairly sensitive against slight compression by an external electrode.Another factor, which may be of greater importance than the above,is that the excitation elicited by an extracellular anodal stimulation is apparently post-anodal but actually cathodal.In the present investigation,it was frequently observed that the start of the evoked action potential did not shift on a sudden increase in duration of an anodal pulse in the"unipolar"extracellular stimulation (FIG.  8,A) .Furthermore,it was experimentally confirmed that there were many were depolarized instead of being hyperpolarized during the passage of the anodal current (FIG.8,C) .These facts suggest a possibility that an extracellular anode was working not solely as an anode but also as a cathode(virtual cathode)especially on the fibers in the vicinity of the electrode( see  FIG.9 ). This could occur also in the anodal stimulation during the diastolic phase, and the reason for a slightly higher threshold here to the`anodal'stimulation than to the cathodal may be ascribed to a lower density of currents at the site of the virtually cathodal effect. However,the spike response evoked by an anodal current during phase 2 and 3 is really a post-anodal response.Detailed analysis of the nature of the spike in several aspects revealed that it did not essentially differ from the spike of normal action potential,except its failure of conduction.This failure may be ascribed to the fact that its phase is just the absolute refractory period to the cathodal stimulation.
It has been well known that a hyperpolarizing current of sufficient strength and duration can abolish the action potential of the cardiac muscle at its repolarization phase4,16).However,the present authors could not produce experimentally such abolition of action potential by intracellular application of anodal currents in the terminal Purkinje fibers,even though currents of sufficient strength and duration were applied at various phases of the action potential.Details of this study will be reported elsewhere(in preparation). anodal stimulation (FIG.10) ,i.e.,dissociated spike-and-slow potential.Consequently,the formation of the dip and/or irregularities in the cathodal strengthinterval curve are thought to be largely due to the virtually anodal excitations and the abrupt transition of the site of impulse origination from one fiber to another as considered above in the text. The expenses for this work were defrayed,in part,by a grant from the Ministry of Education.
